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Introduction: 
●     The OH radical is an important species in the troposphere, it is responsible for the removal of many 
species e.g. CO, CH4 and other hydrocarbon species. In the stratosphere it is responsible for the removal 
of some O3. 
●     The average daytime concentration of OH in the troposphere and stratosphere is around 106 molec. per 
cm-3. Therefore a sensitive and accurate detection technique is required. Laser-induced-fluorescence 
(LIF) methods of detection have been developed to measure OH levels in the troposphere and 
stratosphere4.
●     In the FAGE1 technique, used for tropospheric monitoring, a laser is tuned to an absorption line of OH 
and directed though a cell at reduced pressure. The OH is excited to the A2Σ+ v’=0 level at 308nm.
●     In the stratosphere3 OH is monitored by excitation at 282nm to the A2Σ+ v’=1 level, fluorescence 
collected from the v’=0 level after VET.
●     Total fluorescence is proportional to the concentration of OH.
●     In order to obtain accurate measurements, the fluorescence efficiency must be known, i.e., the number of 
fluorescent photons per absorbing OH molecule.
●     To calculate the fluorescence efficiency information about the rates of electronic quenching and 
Vibrational Energy Transfer (VET) are needed. 
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General Experimental Procedure. 
OH is generated in one of two ways. 
1.An Excimer laser at 248nm photolyse HNO3
HNO3 + hv ==> OH + NO2
2. OH was created by discharge flow using the following reaction
H + NO2 ==> OH + NO
Propan-2-ol was cooled and flowed through the outer cell to attain temperatures down to 205K. 
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Results for the quenching of v'=0 by Water: 
The Quenching of v’=0 was measured directly for CO2, N2, H2O and O2, between 298 and 205K
5. 
Conceptual models used to describe collisional quenching: 
●     Parmenter-Seaver well-depth correlation
●     Collision-complex - multipole attractive forces model
●     Collision complex - "Harpooned" mechanism6
None are successful over a wide range of temperatures. 
A new model (Paul 1998) retains "harpooned" idea but uses a Lennard-Jones potential modified to include dipole 
moment effects.  
Below is a comparison of experiment and a variety of models for quenching by H2O over a wide range of 
temperatures. 
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Measurement of VET: 
Once the OH radical is electronically excited to the A2Σ+ v’=1 state, it can either fluoresce or, via collisions with 
ambient molecules undergo: 
(a) VET to the v’=0 energy level, or  
(b) quenching to the electronic ground state, (non-radiative removal) from v’=1. 
The total rate kd {krad1+ kq1} at which the v’=1 level decays will be a combination of the quenching and VET rates.  
The fluorescence will decay in a single exponential form . By altering the pressure of collider kd is obtained. 
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Measurement of VET: 
The transfer rate to the v’=0 level is equal to kd, and the rate at which the v’=0 level decays is due to 
quenching (kq0) and fluorescence (krad,0). The fluorescence will show a growth and decay. kq0 is calculated 
by fixing kd in the biexponential fitting process, and altering collider pressure. 
The ratio of the population in v’=1 and v’=0 bands is related to the collider pressure , kv and kq0. Analysis 
of a fluorescence spectrum over the two bands yields this ratio2. By varying the collider pressure and fixing 
kq0 in the fitting to the equation below, kv is calculated.
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Results and Discussion: 
●     VET was measured for six colliders from 294K to 205K.
●     v’=0 quenching was measured for four colliders from 294K to 205K.
●     All colliders show an increase in VET cross section with decreasing temperature. 
CH4>CO2>N2>H2>O2>H2O.
●     A difference was observed between kq and kq0.(See Diagram)
●     VET may be linked to the vibrational frequencies with a v-v mechanism such as: 
OH(v’=1) + M(v=0) ==> M(v=1) + OH(v’=0) + ∆E 
●     The vibrational frequency for OH(v’=1) is ωe = 3180cm-1.
●     ∆E, the energy mismatch between the vibrational frequencies for each of the colliders are, 
CO2 = 831 cm-1 , N2 = 821cm-1 O2 = 1304cm-1, 
H2O = 471cm-1, H2 = 1220cm-1 CH4 = 77cm-1.
●     The difference between kq and kq0 is due to the population of high rotational levels in the v’=0 after VET.
●     Quenching is slower at high rotational levels.
●     As yet no models have been developed which can accurately describe VET in excited states. The PES for OH
(A) and collider, M, is attractive, consistent with the observed temperature dependence for kv
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Atmospheric Implications: 
Green Line Altitude profile of temperature.
Dark Blue F.E. calculated assuming NO temperature dependence of kq and kvet.
Pink F.E. calculated assuming temperature dependence of kq and kvet as measured in this work.
F.E. = Fraction of molecules excited to v’=1 which fluoresce from v’=0.
Implications for stratospheric monitoring. 
OH signal is proportional to F.E.  
Calibrations performed at 230K. 
ER2 measurements of OH may needs adjustment as temperature dependence of kq and kvet have been neglected. 
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